ABSTRACT Azoxystrobin (Quadris®, SYNGENTA) is an effective new fungicide for the management of Rhizoctonia root and crown rot of sugarbeet (Beta vulgaris L.) caused by the fungus Rhizoctonia solani AG 2-2. Little is known about the interaction or efficacy of azoxystrobin and herbicides applied in combination. Research plots were established in Wyoming under sprinkler irrigation in 1999 and 2000, and in Nebraska under furrow irrigation in 1999. Wyoming plots were inoculated with R. solani and Nebraska plots relied on natural inoculum for disease development. Weed control, disease control, and p hytotoxicity to sugarbeet were measured following treatment with azoxystrobin applied in combination with several post emergence herbicide programs. Wyoming herbicide treatments included conventional and micro rate programs containing desmedipham-phenmedipham in various combinations with triflusulfuron, clopyralid, and sethoxydim. Nebraska herbicide treatments included conventional p rograms containing desmedipham phenmedipham in combination with either ethofumesate, triflusulfuron, or clopyralid. In Nebraska, wild proso millet contr ol increased and lambsquarters control decreased with the co-application of herbicide and a zoxystrobin at 1.26 kg ha· 1 (P <: ; 0.05). However, in Wyoming and for most treatments in Nebraska, herbicide efficacy was not affected by the co-application
of azoxystrobin (P=O.05). The co-application of azoxystrobin with desmedipham-phenmedipham plus ethofumesate significantly increased crop injury in Nebraska (p;;: O.05). Early season injury was less than 11 %, and after one week, injury was no longer detected (P=O.05) . In Wyoming in 2000 under severe disease pressure, azoxystrobin-containing treatments reduced the incidence of Rhizoctonia root and crown rot by 65 % compared to treatments lacking azoxystrobin (P;;: O.05). Azoxystrobin efficacy was increased when the appli cation was made closer to the time of inoculation (P;;:0.05). For Wyoming and Nebraska in 1999, under light disease pressure, azoxystrobin had no significant effect on disease incidence (P=O.05). In field situations ranging from slight to severe disease pressure and tests of two different azoxystrobin rates and timings, evidence indicated that the co-application of azoxystrobin and herbicide did not compromise fungicide efficacy
(P=0.05).
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Rhizoctonia root and crown rot (RRCR) of sugarbeet is caused by the soil-borne fungus Rhizoctonia solani AG 2-2 (Schneider and Whitney, 1986) . Tllis disease is one of the most damaging sugarbeet diseases in the United States with total sugar losses in the High Plains region (CO, MT, NE, and WY) estimated to exceed 2 to 3% annually (S.N. Godby, personal communication). Inoculation of sugarbeet and resultant RRCR development follows the inadvertent movement of contaminated soil onto the crown of the plant, usually during tillage operations. However, new fungicides in the strobilurin class have offered protection from a wide range of fungi, including R. solani. Field trials revealed that properly timed applications of the strobilurin azoxystrobin (Quadris®, SYNGENTA) increased root yields at least 72% for sugarbeet exposed to moderate disease pressure (Stump et aI., 2(00) .
The tiring of azoxyst:robin application efficacious for RRCR management coincides with the application of several post emergence herbicides. This coincidence of tinling offers growers the opportunity to co-apply both crop protection chemicals, thus realizing reduced production costs and decreased potential for soil compaction. However, interactions among herbicides, insecticides, and/or fungicides may reduce individual product efficacy and/or increase crop injury. For example, several deleterious interactions between herbicides and insecticides have been documented for sugarbeet (Abivardi and Altman, 1978; Cole and Dexter, 1985; Downard et aI., 1999; Lee et aI. , 1969; and Wedderburn et aI., 1973) . Downard et al. (1999) detemuned that post emergence applications of triflusulfuron, and a prenux of desmedipham plus phenmedipham co applied with common post emergence insecticides resulted in varying crop injury.
No information was available pertaining to the interaction of azoxystrobin fungicide and post emergence herbicides when co-applied to the sugarbeet crop. Therefore, the objective of this study was to evaluate weed control, disease control, and sugarbeet response to conventional and micro-rate herbicide programs applied in combination with azoxystrobin.
M;\TERIALS AND METHODS
Field experiments were done at Torrington, WY in 1999 and 2000, and at Scottsbluff, NE in 1999. The Wyonling experiments were inoculated with Rhizoctonia solani AG2-2 to increase crown infection and development of RRCR, whereas the Nebraska experiment relied on inoculum already present in the soil. The Wyonling experiments tested conventional and nlicro-rate herbicide programs in combination with azoxystrobin, and the azoxystrobin rate selected (0.11 kg ha o ! ) was based on earlier work by Kiewnick et al. (2001) . The Nebraska experiment tested four additional conventional rate herbicide programs in combination with azoxystrobin, and the azoxystrobin rate (1.26 kg ha o !) was increased to reflect anticipated label recommendations. The herbicide and azoxystrobin treatments tested at the Wyonling and Nebraska sites are described in Tables 1 and 2 , respectively.
Wyoming site
The soil type at the Wyonling site was a Dwyer Mitchell sandy loam soil with pH 7.8 and 1.4% organic matter. The experimental design was a randonlized complete block with three replicates. Plots were two rows wide (0.8 m row-center) by 9.1 m long, with two nontreated buffer rows between plots. Sugarbeet 'Monohikari', characterized as susceptible to RRCR (S.N. Godby, personal communication), was planted on 21 May, 1999, and on 18 April, 2000, at a rate of 168,000 seeds per ha. The plots were watered as needed with overhead irrigation.
Treatments described in Table 1 were applied with a CO2 pressurized knapsack sprayer that delivered 187.1 liters per ha at 276 kPa through a six-nozzle (#8002 flat fan) equipped boom. Environmental conditions at the time of application are summarized in ~ 'Timing designation is as follows; CO =application to cotyledonary to 2-1eaf beet stage, NA =not applicable. V) § 7 and 14 days refer to application of azoxystrobin at 7 or 14 days following initial application of weed control treatments. (0.8 g/plant) . Beets were in the 6-leaf stage at the time of inoculation. Vl control, crop stand and injury data were collected from the two treated rows. Sugarbeets at the 6-leaf stage were inoculated with R. so/ani AG2-2 on 29 June, 1999 and 7 June, 2000. Inoculum was prepared by culturing several R. so/ani AG 2-2 isolates on pre-autoclaved winter wheat seed. After several weeks, the wheat was thoroughly colonized by the fungus. Colonized wheat was then air-dried and ground to form a coarse powder. This inoculum was hand-applied to the crown of each plant (0.8 g/plant) in one randomly selected row from the two treated rows of each plot. This method of inoculation precisely placed small amounts of inoculum at the crown of each plant, which minimized escapes and also simulated the natural infection process. Inoculation was timed so that it coincided with a cultivation pass that introduced soil onto the beet crowns. Cultivation was done with an Eversman Spin-sweep (Eversman Manufacturing, Denver, CO) at a speed of 4.8 km hr .1. Immediately after inoculation and cultivation, plots were watered twice during an 8-hr period to promote infection. All disease control data, and yield data were collected from the inoculated row.
Plant populations and crop injury ratings were done on 8 July, 1999 and 9 June, 2000. Sugarbeet populations were determined by counting plants over 3 m of row and weed populations were determined by counting plants within a 7.6 cm by 3 m quadrat centered over the sugarbeet row. Weed populations were converted to the percentage of control relative to the nonweeded (nontreated) check. The percentage of crop injury due to phytotoxicity was estimated by comparing the percentage of above-ground biomass present in each plot to that present in the nonweeded nontreated check, using a scale of 0% (no injury) to 100% (all plants dead). Phytotoxicity effects potentially contributing to reduced sugarbeet biomass are stunting, foliar necrosis, and/or stand loss. Crop injury was measured before RRCR was evident in the plots. On 21 July, 1999 and 13 July and 2 August, 2000 plots were rated for mid season RRCR incidence over 9.1 m of row. Infected beets were those that had rapidly wilting leaves, darkened petioles and/or decayed crowns evident with necrotic leaves present.
Beet roots were harvested by hand from the center 1.5 m of the inoculated row. Harvested beets were rated for RRCR incidence and severity. Disease incidence was determined by counting the number of harvested roots that had typical decay symptoms present and severity was determined by visually estimating the percentage of beet surface area exhibiting decay typical of R. so/ani. Total root yields also were determined and total e:-..1ractable sucrose (%) was measured by the method outlined by the Association of Official Agriculture Chemists (1955).
Nebraska site
The soil type in Nebraska was a Tripp silt loam with 0.9% organic matter and pH of7.8. The experimental design was a randomized complete block design with four replicates. Plots were five rows wide (0 .6 m row center) by 13.7 m long. Sugarbeet 'Beta 4546' , characterized as moderately tolerant to RRCR (S.N. Godby, personal communication), was planted on 28 April at a rate of93,898 seeds per hectare. Plots were watered with furrow irrigation as needed.
Herbicide applications described in Table 2 were made on 24 May to sugarbeet at the 2-leaf stage, and herbicide plus azo),:ystrobin applications were made on 3 June to beets at the 4-leaf stage. Applications were made with a tractor mounted sprayer that delivered 187 liters per ha at 248 kPa through # 11002 flat fan nozzles. Environmental conditions at the time of application are summarized in Table 3 .
Sugarbeet and weed populations were determined on 28 June by counting plants within an area described by 2 rows (1.2 m width) by 7.6 m of row length. Crop injury was visually rated on 15 and 23 June. The percentage of crop injury and weed control was determined as described above for Wyoming experiments. Sugarbeet roots were harvested from 13 .7 m of each of the three middle rows on 29 October. Total root yields and the percentage of extractable sucrose were determined by methods previously described for Wyoming experiments.
All data were analyzed by analysis of variance (ANOYA) . Wyoming experimental data between years was combined when appropriate. Analysis of weed control data from both sites was done on arcsine transformed data, and non transformed data are presented in the Tables. Mean separations for individual treatments were done using Fisher 's protected LSD (P=0 .05). To answer study objectives, linear contrasts were constructed at P=0.05 . Additionally, where applicable, linear contrasts were used for comparison of early azoA)'strobin treatments to later azoxystrobin treatments.
RESULTS AND DISCUSSION
Results for the Wyoming site are found in Tables 4-6, Nebraska results are found in Table 7 . Sugarbeet stands for the Wyoming and Nebraska experiments were generally not influenced by herbicide and fungicide treatments (Tables 5 and 7 , respectively) with the exception of the nonweeded checks (P s: 0 .05) . Reduced plant populations in the nonweeded checks were most likely due to weed competition.
Weed control and crop injury data for the Wyoming experiments were combined over years (Table 4) . Weed populations consisted of e:
j Severity was determined by a visual estimate of the percent surface area of a beet root affected by rot. Mean percentage data for Rhizoctonia V-) disease symptoms (RRCR) were converted from Horsfall-Barratt ratings (0-11).
\0
Z o § Treatment means followed by different letters differ significantly (Fisher's protected LSD, P=0.05) 17 and 14 days refer to application of azoxystrobin at 7 or 14 days following initial application of weed control treatments. s:
N
V-l 1 Sugarbeet injury was assessed as the reduction of overall biomass compared to the nonweeded check.
\0 § Percent weed control calculated from weed counts taken on 28 June. Weed codes were as follows: CHEAL = common lambsquarters, SaLSA = hailY Z nightshade, PANMI = wild proso millet, ECHCG = bamyardgrass, AMARE = redroot pigweed, KCHSC = kochia, and SETVI = green foxtail. o lTreatment means followed by different letters differ significantly (Fisher's protected LSD, P=0.05). Slight injury ranging from 1 to 3%, in the foml of stunting to sugarbeet, was measured from plots that received the conventional and micro-rate herbicide programs (Table 4) . However, the amount of injury did not significantly differ from the nonweeded check (P=O.05) . The addition of azoxystrobin to herbicide programs had no detectable effect on crop injury or weed control (linear contrast, P=0.05).
Weed control and sugarbeet injury data for the Nebraska experiment are shown in Table 7 . Weed populations in the nonweeded check plots consisted of hairy nightshade (SOLSA, Solanum sar rachoides), redroot pigweed, common lambsquarters, kochia, green foxtail, wild proso millet (PANMI, Panicum miliaceum), and bamyardgrass (ECHCG; Echinochloa crus-galli) at densities of 10, 20, 18, 9, 4, 16 , and 12 plants per 7.6 m of row, respectively. As in Wyoming, the addition of azoxystrobin did not affect overall herbicide perfonnance (linear contrast, P=0.05). However, with the addition of azoxystrobin, common lambsquarters control decreased by 53% in the desmedipham & phenmedipham & ethofumesate program and wild pro so millet control increased by 44% in the desmedipham & phenmedipham + clopyralid program (Ps:0.05) . The reason for changes in weed control are not known. Because these observations were made at one site, no finn conclusions can be made regarding potential antagonism or synergism when azoxystrobin is co-applied with these particular herbicides.
The addition of azoxystrobin to herbicide caused increased sugarbeet injury, in the foml of plant stunting, as measured on 15 June (linear contrast, P s:0.05). Sugarbeet injury was greatest when azoxystrobin was combined with the second application of desmedipham . Herbicide treatments in combination with azoxystrobin had an average of7% beet injury whereas the same herbicide treatments lacking azoxystrobin, had an average of 3% beet injury. The amount of beet injury observed was almost twice that observed in Wyoming, however the azoxystrobin rate used in Nebraska was ten times the rate used in Wyoming. By 23 June, beets had recovered from the injury and no differences in injury were observed for herbicide programs with and without azoxystrobin (P=O.05) .
Results from the Wyoming and Nebraska experiments revealed that the addition of azoxystrobin to several conventional and micro-rate herbicide programs generally did not affect herbicide performance (linear contrast, P=0.05) . Some exceptions were found with changes in herbicide performance for two individual weed species for some of the conventional rate herbicide programs (Ps: 0.05). Crop injury is possible with the addition of azoxystrobin at the higher rate used in the Nebraska experiment. This rate is anticipated to be similar to the label use-rate. However, crop injury was slight and plants recovered within one week.
Root and crown rot symptoms failed to develop appreciably at the Nebraska site, therefore, no conclusions were possible regarding the effect of herbicide on azoxystrobin efficacy. Because yield differences were primarily due to the effects of weed control, yield data is not presented.
In contrast to Nebraska, RRCR developed at the Wyoming site. However, disease development was much greater in 2000 compared to 1999, therefore all subsequent Wyoming data were analyzed separately for each year. With the exception of the nonweeded check, the number of beet roots present at harvest in 1999 was generally not affected by treatment compared to the hand weeded check (Table 5: P=0.05). Treatments with azoxystrobin had no significant effect on RRCR incidence and severity on harvested beets (linear contrasts, P=0.05). Additionally, no significant treatment effects on final yields were detected and are not presented (P=0.05). Although disease incidence and severity were too low and variable to measure individual treatment effects, azoxystrobin treatments had an average of 45% less disease incidence and 51 % less disease severity than treatments that did not contain azoxystrobin. Herbicide did not affect azoxystrobin efficacy (linear contrasts, P=0.05) .
For the Wyoming site in 2000, azoxystrobin treatments significantly reduced mid-season RRCR incidence (Table 6 , P s: 0.05). By 13 July, the mean disease incidence of treatments that included azoxystrobin was 65% less than the mean of those treatments lacking azoxystrobin (linear contrast, Ps:0.05). Also on this date, azoxystrobin applications made at 14 days following the initial weed control treatment (= day 14) significantly reduced mean disease incidence 73% compared to the mean of azoxystrobin applications made 7 days following the initial weed control treatment (= day 7) (linear contrast, Ps:0.05). Disease continued to increase in the plots and by 2 August, treatments that included azoxystrobin reduced disease incidence an average of 19% overall compared to treatments lacking azoxystrobin (linear contrast, P s: 0.052). Azoxystrobin treatments made at day 14 had 43% less disease incidence overall than did the day 7 applications (linear contrast, P s: 0.05). A possible reason for the improved efficacy of the day 14 azoxystrobin application is that this fungicide application occurred closer to the time of inoculation compared to the day 7 fungicide application. The addition of herbicide had no detectable effects on azoxystrobin efficacy for disease measured during the growing season (linear contrast, P=0.05).
By harvest, severe RRCR substantially reduced root yields for the majority of treatments (Table 6 ) . Because some plots had no recoverable beet roots at harvest, individual treatment yield results are not presented. Treatments with azoxystrobin had an average of 250% greater root yield and 250% more extractable sucrose than did treatments without azoxystrobin (linear contrast, P <;0.05). Furthermore, azoxystrobin treatments applied at day 14 resulted in almost 200% greater root yield overall than did treatments of azoxystrobin applied at day 7 (linear contrast, P <; 0.05).
Fungicide treatments influenced sugarbeet root numbers present at harvest (Table 6 : P <; 0.05). Treatments with azoxystrobin had an average of 70% more harvested beet roots than did treatments without azoxystrobin (linear contrast, P<;0.05). The day 14 azoxystobin treatments resulted in an average of 50% more harvested beet roots than day 7 azoxystrobin treatments (linear contrast, P<;0.05). However, azoxystrobin applications and timing had no effect on disease incidence and severity of the harvested beets (linear contrast, P=0.05). These results indicate that azoxystrobin treatments are protecting beets up to mid-season and that this protection begins to fail later in the season. Even though more beets were harvested from plots treated with azoxystrobin, the activity at the rate used is not sufficient for season-long disease management.
In summary, azoxystrobin is emerging as an effective tool for RRCR management and the time of azoxystrobin application coincides with the application of several post emergence herbicides. The co application of azoxystrobin and herbicide to sugarbeet did not, in most situations, affect weed control. Under conditions of slight to severe RRCR and low rates of azoxystrobin, we were unable to find evidence that herbicides affected azoxystrobin efficacy. Phytotoxicity was increased when azoxystrobin was co-applied with conventional rate desmedipham phenmedipham-based post emergence herbicide programs. The injury effect was temporary and was not detected after one week. Our results suggest that growers can safely co-apply azoxystrobin and post emergence herbicide in the High Plains region, however, situations may occur where weed control is compromised or enhanced slightly and/or phytotoxicity is increased. Therefore, additional research on the co-application of azoxystrobin and herbicide is recommended in production areas where this practice is likely to be adopted.
Improved RRCR control was measured for azoxystrobin applications made close to the time of inoculation and additional studies revealed that RRCR control was greatly influenced by the time of azoxystrobin application (Stump et al., 2001; unpublished) . The time of inoculation that occurs naturally in most field situations is presumed to coincide with tillage operations that introduce contaminated soil onto the crowns of the sugarbeet plant. Because the proper timing of azoxystrobin application is essential for optimal RRCR management, growers should only co-apply herbicide and azoxystrobin during spraying operations if the timing is appropriate for both weed and RRCR management.
